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Abstract 
The influence of external resistances in the range of 10 to 1,000 Ω and carbohydrate-rich wastewater concentration 
on electricity generation in air-cathode single-chamber microbial fuel cells (SCMFCs) operated at pH 7.0 and 37°C 
was examined. Enrichment of microbial seed in SCMFCs was stable with maximum current output of 0.1 mA after 
one month inoculation. The maximum current density, chemical oxygen demand (COD) removal and coulombic 
efficiency (CE) of 1.0 A m-2, 85% and 20%, respectively, were achieved when Rext of 10 Ω was used (1,000 mg COD 
L-1). The power density increased with the increase of wastewater concentration and obtained maximum value of 39.2 
mW m-2 (CE=20.4%) at 3,000 mg COD L-1. The results indicated that the wastewater can be used as a substrate to 
produce electricity and can be treated in SCMFCs. The current outputs and wastewater concentrations displayed a 
strongly linear correlation in the concentration range of 125 to 3,000 mg COD L-1 (r2=0.96). The current findings 
shows SCMFC not only simultaneously generate electricity and treat wastewater but also potentially work as a sensor 
device for measuring industrial wastewater concentration. 
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1. Introduction 
Microbial fuel cells (MFCs), a device in which microorganisms directly oxidize energy stored in 
organic matters to electricity under anaerobic condition, can be used to recover of energy from renewable 
sources [1]. The wastewater is commonly used as renewable source due to high organic compositions, 
and can be converted to energy from anaerobic process. Typically, the principle of the conversion of 
methane energy from biological process to electricity should be through the combustion process [1]. 
These include, electricity generation from wastewater using MFC is certainly interesting. MFC not only 
directly produces electricity from wastewater but also a device to treat wastewater. In addition, the MFC 
can be applying for working as a biological oxygen demand (BOD) sensor [2]. The current work focused 
on the potential application of SCMFC on electricity generation along with wastewater treatment, and a 
sensor device for measuring wastewater concentration. 
2. Materials and Methods 
2.1. Microbial fuel cells 
SCMFCs were made of acrylic cylindrical chamber (30 mL working volume). The anode (without wet 
proofing; E-Tek) and the cathode (30% wet proofed; E-Tek) were made of carbon cloth. Proton exchange 
membrane (PEM, NafionTM 117, Dupont Co., USA) was placed in between anode and cathode and used 
titanium wire to connect the electrode. The air-cathode was coating with the gas diffusion layer and the 
catalyst layer. The catalyst layer was prepared by mixing the catalysts powder (20% of Pt/C, E-Tek, 
USA) loading is 0.4 mg cm-2 in 5 wt% Nafion solution, water and iso-propanol [3]. 
2.2. Microbial seed 
The seed was obtained from a full-scale up-flow anaerobic sludge blanket (UASB) starch-processing 
wastewater treatment plant (Eiamburapa Co., Ltd, Sakaw, Thailand). Granular seeds with diameter >0.5 
mm were washed with tap water and cultured in a 10-L continuous stirred-tank reactor (CSTR) at 37°C 
fed with a synthetic wastewater containing 5 (g L-1) cassava starch until the stable biogas production was 
achieved. The seed was washed with tap water twice and analyzed for total volatile solid (TVS) prior to 
use. 
2.3. Wastewater 
A synthetic wastewater contains glucose as a carbon source; nutrient medium with contents of (per 
litter): NaH2PO4 .H2O, 4.97 g; Na2HPO4.H2O, 2.75 g and KCl, 0.13 g, and;  trace minerals with contents 
of (per litter): FeSO4.6H2O, 10.00 mg; MnSO4, 0.526 mg; ZnSO4.7H2O, 0.106 mg; H3BO4, 0.106 mg; 
CuSO4.5H2O, 4.5 gP [4]. KNO3 was used as a nitrogen source (0.6 g per g COD). A synthetic 
wastewater was adjusted the pH 7.0 using 6 M NaOH or 6 M HCl and then autoclaved at 121°C for 15 
min. Nitrogen gas was flushed for 5 min before being fed into SCMFCs. 
2.4. Operation of SCMFCs 
Microbial seed were enriched in SCMFCs under batch mode operation with 1,000 mg COD L-1 
wastewater, 1,000 Ω, and 37°C. Wastewater was replaced, when the voltage drop until the steady current 
output was successfully achieved. SCMFCs with the steady microbial seed were operated under varied 
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Rext (10 to 1,000 Ω) to explore the optimum Rext for SCMFCs performance. The impact of organic loading 
on the power density was investigated under varying wastewater concentrations in a step wise (125 to 
3,000 mg COD L-1) at optimum Rext. All experiments were performed in duplicate. Liquid samples were 
collected for analyses of pH, CODt, and CODs according to the Standard Methods [5]; and volatile fatty 
acids (VFAs) [6].Gas was periodically sampled and analyzed [6]. 
2.5. Calculations 
The voltage (V) was automatically recorded by a multimeter. The current was calculated using the 
Ohms law; )/( RVI  , the power density (P) was calculated from )/( AIVP  , according to the 
coulombic efficiency (CE) calculate based on current generation over time and the change in substrate 
concentration during a MFC operation, so that for batch mode was calculated from [4]; 
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where F  is Faraday’s constant (98,485 C mol-1 of electrons), b is the number of moles electrons 
produced per mol of substrate ( 4 b ), S'  (mg L-1) is the CODs removal, V is the liquid volume of the 
anode chamber, and M is the molecular weight of the substrate (32 g mol-1 for oxygen). 
3. Results and discussions 
3.1. Optimum Rext  
The enrichment of microbial seed in SCMFCs took 45 days until the voltage reached stable values of 
100 mV, current of 0.1 mA, and COD removal of 70%. The decreased trend of current density and 
coulombic efficiency but increased trends of power density were observed with the increase of Rext in the 
steady enriched SCMFCs (Table 1). Rext affected the MFCs performance by controlling the electrons 
move through the circuit [7]. The highest current output at lower Rext indicated that the electrons can 
move more easily through the circuit at lower Rext than at high Rext. Greater COD removal at lower Rext 
indicated that higher glucose consumed to produce electric than at high Rext due to good electrogenic 
activity (Table 1). VFAs and methane were not detected in all experiments. 
Table 1. Performance of SCMFCs at 1,000 mg L-1 wastewater concentration 
Rext 
(Ω) 
pH 
(Max; current) 
Current density 
(A m-2) 
Power density  
(mW m-2) 
Coulombic Efficiency  
CE (%) 
COD removal  
(%) 
10 6.98 1.00 7 19.8 85.6 
50 6.97 0.87 26 17.7 82.2 
100 6.97 0.85 51 18.7 76.8 
500 6.94 0.75 197 17.7 71.4 
1,000 6.92 0.43 133 11.2 65.7 
3.2. Power output 
The maximum current density was linearly correlated with wastewater concentration of 125 to 3,000 
mg COD L-1, (r2=0.96) (Fig. 1a). The power density has increased steadily and maximum was 39.2 mW 
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m-2 of 3,000 mg COD L-1 (Fig. 1b), demonstrating that voltage and power production was depended on 
the wastewater concentration. The pH at the maximum current of each concentration was varying 
between 6.90-6.98. COD removal efficiency increased when the concentration was increased and reached 
maximum at was 1,000 mg COD L-1 and dropped at 3,000 mg COD L-1. In terms of COD removal, Fig. 
1a shows the COD removal was increased with the increase of wastewater concentrations. While, the 
highest CE was 83% and then decreases sharply to 26% due to low efficiency of current output and little 
amount of COD removal might be a result of the wastewater concentration is too low. Little 
concentrations of formic and lactic were accumulated in batch SCMFCs experiments.  
 
 
Fig. 1. (a) correlation between current density (z) and COD removal (■); (b) power density (z) and coulombic efficiency ({), 
with varying wastewater concentrations and fixed 10 Ω Rext. The data and I-bars represent mean values and standard 
deviation of duplicate experiment 
4. Conclusion 
The differences of external resistances affected the performance, based on current output and pollutant 
reduction, of SCMFCs. Rext of 10 Ω gave a highest current density, COD removal efficiency and 
coulombic efficiency. The COD removal efficiency and coulombic efficiency at maximum power density 
were 65.0 and 20.4%, while the highest COD removal was 85.0 % of 1,000 mg COD L-1. The current and 
power densities are linearly correlated with the wastewater concentrations. The linear correlation obtained 
from the current study shows wider range, when compared to the previous report, of wastewater 
concentrations with the maximum concentration up to 3,000 mg COD L-1 (r2=0.96). These findings 
suggest that SCMFC not only simultaneously generate electricity and treat wastewater but also potentially 
work as a sensor device for measuring the strength of wastewaters. 
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